Introduction
============

Melanoma, originating in melanocytes and nevus cells, is one of the most common cutaneous neoplasms. Melanoma only represents a small subset of these tumors, yet it is the most common skin tumor type, with increasing incidence and mortality rates worldwide ([@b1-ol-0-0-11934],[@b2-ol-0-0-11934]). Currently, the primary treatments of malignant melanoma are surgical excision, immunotherapy, adjuvant chemotherapy, targeted therapy drugs ([@b3-ol-0-0-11934]) and radiotherapies ([@b2-ol-0-0-11934],[@b4-ol-0-0-11934]). However, these therapeutic strategies do not facilitate the current clinical practice requirements due to the high metastatic potential and drug resistance ([@b5-ol-0-0-11934],[@b6-ol-0-0-11934]). Moreover, long-term survival remains poor, even after treatment with these therapies ([@b7-ol-0-0-11934]). Therefore, it is important to develop novel drug candidates to overcome melanoma treatment limitations.

Previous studies have shown that mitochondrial uncoupling has become an effective antitumor treatment ([@b8-ol-0-0-11934]--[@b10-ol-0-0-11934]). Triclosan is a widely used antibacterial and antifungal agent in everyday personal care and consumer products, including toothpastes, antiseptic soaps and plastics, and is also a mild mitochondrial uncoupler ([@b11-ol-0-0-11934]--[@b13-ol-0-0-11934]). Therefore, triclosan may have anticancer effects in melanoma cells. Previous studies have focused on its antibacterial effects ([@b14-ol-0-0-11934]--[@b16-ol-0-0-11934]), thus few studies have investigated its anticancer properties and its effects in melanoma have not been shown.

Mitochondria are highly dynamic organelles that are involved in ATP generation, reactive oxygen species (ROS) generation and Ca^2+^ signaling, which continually undergo fusion and fission to maintain the balance between energy production and cell death under physiological condition ([@b17-ol-0-0-11934]). However, dysfunction of this balance has been recognized as an important factor for cancer progression. Mitochondrial bioenergetic and biosynthetic requirements are altered to resist cancer cell apoptosis, and promote tumor cell proliferation and migration, for example in glioblastoma and breast, lung and prostate cancer ([@b18-ol-0-0-11934]). In addition, ROS from mitochondria are considered novel signal mediators, which are involved in cell proliferation, tumor progression, differentiation and cell death ([@b19-ol-0-0-11934]). Thus, these properties of mitochondria contribute to this organelle becoming a promising target in cancer therapy.

The present study aimed to investigate the effect of triclosan on melanoma and the underlying mechanism. Thus, the present results may facilitate the development of triclosan as a potential treatment candidate against melanoma.

Materials and methods
=====================

### Materials

Triclosan was obtained from Shanghai Baidi Biody-Bio Co., Ltd. Hoechst, Cal-AM, Eth-1, Fluo-3/AM, mito-Tracker, mito-SOX, tetramethylrhodamine methyl ester (TMRM) and DAPI were purchased from Thermo Fisher Scientific, Inc. Dihydroethidium dye was purchased from the Beyotime Institute of Biotechnology. Tempol, 3-MA and acetylcysteine (NAC) were purchased from Sigma Aldrich; Merck KGaA. Tempol (0.5 and 1 mM) is a radical scavenger that was used to test the effect of ROS levels on cytotoxicity induced by triclosan (20 µM) in the lactate dehydrogenase (LDH) release assay. S3I-201 was purchased from EMD Millipore. S3I-201 (10 and 20 µM) is a STAT3 inhibitor that was used to detect the effect of STAT3 activity change on cytotoxicity induced by triclosan (20 µM) in the LDH release assay. Anti-p-STAT3 (Y705, \#9131, 1:1,000), anti-STAT3 (\#4904, 1:1,000), anti-p-AMPK (Thr172, \#2535, 1:1,000), anti-AMPK (\#2532, 1:1,000) and anti-p62 (\#88588, 1:1,000) were purchased from Cell Signaling Technology, Inc., Bcl-2 (ab196495, 1:1,000) antibody was purchased from Abcam and LC3 (L7543, 1:1,000) antibody was purchased from Sigma Aldrich; Merck KGaA.

### Cell culture

A375 cells and HFF-1 cells were purchased from Zhongqiaoxinzhou Biotech. Cells were maintained in high glucose DMEM (HyClone; Cytiva) supplemented with 10% FBS (Biological Industries), 100 µg/ml^−1^ penicillin and 100 µg/ml^−1^ streptomycin at 37°C in 5% CO~2~. The time of treatment and concentration are shown in the figure legends. Briefly, cells were treated with different concentrations (0--200 µM) of drugs (triclosan, NAC, S3I-201, Tempol and 3-MA) for 24 h at 37°C.

### Measurement of cell viability

Cell viability was measured using a colorimetric MTT assay. A375 and HFF-1 cells were seeded into a 96-well flat-bottomed plate at 5×10^3^ per well and treated with or without triclosan at the indicated concentrations (0--200 µM) for 24 h and then incubated with MTT (5 mg/ml^−1^) for 4 h at 37°C. After 4 h, the supernatant was removed and then the cells were incubated with 200 µl DMSO for 3 min at room temperature to dissolve the purple formazan. The optical density (OD) was read at 490 nm using an Infinite M200 microplate reader (Tecan Trading AG).

### LDH release assay

LDH release in culture medium was evaluated by using LDH Cytotoxicity Assay kits (Beyotime Institute of Biotechnology) following the manufacturer\'s instructions. A375 cells were seeded (5,000 cells/well) in a 96-well plate and treated with triclosan (0--40 µM), Tempol (0.5 and 1 mM), S3I-201 (10 and 20 µM), NAC (1 µM) or combinations of these compounds for 24 h. Subsequently, after cells were centrifuged at 444 × g for 5 min at room temperature, the supernatant was collected and transferred into another 96-well plate for LDH assay test. The supernatant was incubated with LDH release testing buffer at room temperature for 30 min. The OD was read at 490 nm by using an Infinite M200 microplate reader.

### LIVE/DEAD cell staining

The live and dead cells were detected by using a LIVE/DEAD^®^ cell viability assay kit (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s instructions. After A375 cells were seeded (50,000 cells/well) and adhered, they were treated with triclosan (0--40 µM) for 24 h and then incubated with a mixture of 2 µM calcein AM and 4 µM EthD-1 for 15 min at 37°C. The labeled cells were randomly visualized using a fluorescence microscope at 20× magnification and counted by using Image Pro Plus image analysis software (version 5.0; Media Cybernetics Inc.). The wavelength of fluorescence excitation was 488 nm for live cells and 594 nm for dead cells.

### Measurement of mitochondrial membrane potential (MMP, ΔΨm)

Cultured A375 cells were treated with TMRM (50 nM) for 45 min and DAPI (10 µg/ml^−1^) for 15 min at 37°C and were then washed 4 times with warm PBS (37°C). Fluorescence was then measured using a confocal microscope FLUOVIEW FV10i (magnification, ×20). Confocal microscope images were captured using FV10-ASW version 3.1 Viewer software (Olympus Corporation). Images of TMRM fluorescence were obtained using an excitation at 630 nm. Images of DAPI staining were obtained using an excitation at 460 nm. The mitochondrial membrane potential was represented by the relative intensity of the fluorescence.

### Measurement of ATP concentration

The concentration of ATP was measured using the luciferin-luciferase method following the protocol of the S0026 ATP detection assay kit (Beyotime Institute of Biotechnology). The A375 cells were collected on ice within 5 min and immediately lysed with 40 µl lysis buffer from the ATP detection kit. After being centrifuged at 12,000 g at 4°C for 5 min, the supernatant was transferred to a new 1.5 ml tube for the ATP test. The luminescence from a 20-µl sample was assayed using an Infinite M200 microplate reader (luminometer mode) together with 100 µl ATP detection buffer from the ATP assay kit. The samples\' protein concentrations were measured using a BCA assay kit (P0010, Beyotime Institute of Biotechnology) at the same time and the ATP concentrations were normalized to the amount of total protein in each sample (µM/mg, protein).

### Staining of mitochondrial morphology

Cultured A375 cells were loaded with a mitochondrial selective probe mito-Tracker Green (50 nM) at 37°C for 15 min. Images were captured using confocal microscopy (magnification, ×60). Images of mito-tracker Green fluorescence were obtained with an excitation at 490 nm and an emission at 516 nm.

### Measurement of mitochondrial reactive oxygen species (mito-ROS)

Cultured A375 cells were loaded with Mito-SOX (2 µM) for 20 min and DAPI at 37°C for 15 min and then the fluorescence was measured using confocal microscopy (magnification, ×60). Images of Mito-SOX fluorescence were captured using an excitation at 630 nm. Images of DAPI staining were captured by using an excitation at 460 nm.

### Measurement of intracellular superoxide anion concentration

Cultured A375 cells were loaded with dihydroethidium (2 µM) at 37°C for 30 min and DAPI for 15 min and then the fluorescence was measured using a fluorescence microscope (magnification, ×20). Images of dihydroethidium fluorescence were captured using an excitation at 594 nm.

### Western blotting

Protein samples from cultured A375 cells were harvested with RIPA lysis buffer (Beyotime Institute of Biotechnology) containing 1% protein inhibitor and 10% phosphatase inhibitor. After being centrifuged at 12,000 × g at 4°C for 15 min, the supernatant was transferred and protein concentrations were assessed using a BCA assay kit (Bio-Rad Laboratories, Inc.). Equal amounts of protein (80 µg/lane) were loaded onto a 8--15% gel, resolved using SDS-PAGE and blotted onto a nitrocellulose membrane. After blocking with 5% non-fat milk at 4°C for 2 h, the membranes were incubated with primary antibodies at 4°C overnight. The primary antibodies were anti-p-STAT3 (Y705, \#9131, 1:1,000), anti-STAT3 (\#4904, 1:1,000), anti-p-AMPK (Thr172, \#2535, 1:1,000), anti-AMPK (\#2532, 1:1,000), anti-p62 (\#88588, 1:1,000), anti-Bcl-2 (ab196495, 1:1,000) and anti-LC3 (L7543, 1:1,000). After being rinsed with TBS-0.1% Tween 20 (5 min for 3 times), the membranes were subsequently incubated with fluorescence-conjugated goat anti-mouse IgG or goat anti-rabbit IgG secondary antibody (1:10,000;LI-COR Biosciences) for 1 h at room temperature. Images were captured using an Odyssey infrared imaging system and Odyssey version 3.0 software (LI-COR Biosciences).

### siRNA transfection

A375 cells were seeded into 6-well flat-bottom plate at 5×10^3^ per well. After cells adhered, the medium was replaced with serum-free DMEM and then the cells were transfected with small interfering (si)RNA AMPKα1/2 (80 nM) or scrambled siRNA used as a negative control (NC) (Shanghai GenePharma Co., Ltd.) using Lipofectamine^®^ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). After 6 h of incubation at 37°C, the medium was removed and the cells were cultured for another 48 h before subsequent experiments. RNA oligo sequence were listed (5′-3′) as follows: AMPKα1 forward, GCACGAGUUGACUGGACAUTT and reverse, AUGUCCAGUCAACUCGUGCTT; AMPKα2 forward, GCUGACUUCGGACUCUCUATT and reverse, UAGAGAGUCCGAAGUCAGCTT; and NC forward, UUCUCCGAACGUGUCACGUTT and reverse, ACGUGACACGUUCGGAGAATT.

### Measurement of \[Ca^2+^\]~i~

Cultured A375 cells were treated with Fluo-3/AM (5 µM) and incubated at 37°C for 15 min. Then the cells were incubated with DAPI for 15 min at 37°C. The fluorescence intensity reflecting \[Ca^2+^\]~i~ was measured using confocal microscopy (magnification, ×60). Images of Fluo-3/AM fluorescence were obtained with an excitation at 488 nm and an emission at 518 nm, and measured using Image-Pro Plus version 5.0 (Media Cybernetics, Inc.).

### Statistical analysis

Data were expressed by mean ± standard error of the mean (SEM) (unless otherwise shown) and analyzed by using Sigma Plot version 12.5 (Systat Software, Inc.). Statistical significance of two groups was determined using an unpaired Student\'s t-test. For \>2 groups, one-way ANOVA followed by Tukey\'s post hoc test was used. For the data with control value of 1 and no SEM, the randomized block ANOVA was used ([@b20-ol-0-0-11934]). P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Triclosan induces cytotoxicity in A375 cells

The chemical structure of triclosan is shown in [Fig. 1A](#f1-ol-0-0-11934){ref-type="fig"}. To evaluate the cytotoxicity of triclosan on melanoma cells, A375 cells were treated with various concentrations of Triclosan for 24 h and then cell viability was measured using a MTT and LDH release assays. In addition, cell death was detected using the LIVE/DEAD cell viability assay kit. It was demonstrated that triclosan inhibited A375 cell survival in a dose- and time-dependent manner ([Fig. 1B-D](#f1-ol-0-0-11934){ref-type="fig"}). [Fig. 1B](#f1-ol-0-0-11934){ref-type="fig"} demonstrated that 40 µM triclosan could significantly induce a decrease in cell viability (P\<0.01). In addition, the result of LD~50~ of triclosan is presented in [Fig. S1](#SD1-ol-0-0-11934){ref-type="supplementary-material"}, with the LD~50~ of triclosan in A375 cells being 52.72 µM. To further examine whether triclosan had beneficial selective effects between melanoma cells and other cell types, the same treatment was used on skin fibroblast HFF-1 cells. It was demonstrated that compared with HFF-1 cells, A375 cells were more sensitive to triclosan ([Fig. 1E](#f1-ol-0-0-11934){ref-type="fig"}); triclosan significantly decreased A375 cell viability at 10, 20, 40, 50, 80, 100 and 200 µM (all P\<0.01). Therefore, the present results suggested that triclosan inhibited cell viability in a dose- and time-dependent manner in A375 cells and these effects have tumor cell selectivity.

### Triclosan induces mitochondrial morphology and function changes in melanoma cells

Triclosan induces mitochondrial uncoupling in human mast cells and keratinocytes and has been reported to disrupt mitochondrial function ([@b13-ol-0-0-11934],[@b21-ol-0-0-11934]). Therefore, in order to investigate whether triclosan could induce mitochondrial uncoupling of melanoma cells, A375 cells were exposed to different concentrations of Triclosan for 24 h and MMP (ΔΨm) was measured using TMRM. It was revealed that compared with the control group, triclosan treatment depolarized MMP in dose-dependent manner ([Fig. 2A](#f2-ol-0-0-11934){ref-type="fig"}). The present study also investigated whether triclosan-induced MMP could cause ATP depletion in A375 cells. It was demonstrated that ATP content was decreased after 20 µM triclosan treatment ([Fig. 2B](#f2-ol-0-0-11934){ref-type="fig"}). Collectively, the present results suggested that triclosan induced mitochondrial uncoupling in melanoma cells.

The mitochondria of A375 cells were stained using the mitochondria-specific probes mito-Tracker and mito-SOX. It was shown that acute triclosan treatment induced mitochondrial swelling and fission, accompanied by prominent ROS production within 10 min ([Fig. 2C](#f2-ol-0-0-11934){ref-type="fig"}). The present study also examined the long-term effect of triclosan on mitochondrial morphology, showing that triclosan induced excessive mitochondrial fission and elevated production of ROS at 5--10 min, but mitochondrial swelling was not observed at 24 h ([Fig. 2D and E](#f2-ol-0-0-11934){ref-type="fig"}). Mitochondrial swelling begins with changes in ion homeostasis of the matrix, which induces an osmotic imbalance between the cytosol and the matrix ([@b22-ol-0-0-11934]). As a result, increased colloidal osmotic pressure enhances the water influx leading to matrix swelling and mitochondrial size volume increased ([@b22-ol-0-0-11934]). Mitochondrial fission is shown as granular fragmentation ([@b23-ol-0-0-11934]). Therefore, the present results indicated that triclosan induced mitochondrial fission and ROS increase. Moreover, the acute effect of triclosan induced reversible mitochondrial swelling.

### Triclosan activates AMPK and inhibits STAT3 activity in melanoma cells

As a mitochondrial uncoupler, triclosan decreases ATP content and induces AMP generation ([@b13-ol-0-0-11934]). AMPK is a downstream signaling protein of AMP and is subsequently activated ([@b24-ol-0-0-11934]). It has been previously reported that a cross-talk occurs between AMPK and STAT3 ([@b25-ol-0-0-11934],[@b26-ol-0-0-11934]), thus the present study investigated whether this cross-talk exists during triclosan-induced melanoma cell death. It was demonstrated that triclosan significantly increased p-AMPK protein expression at 10 and 20 µM, and decreased p-STAT3 protein expression at 20 µM (both P\<0.01), so that the p-AMPK/AMPK ratio increased and the p-STAT3/STAT3 ratio decreased, indicating that triclosan activated AMPK and inhibited STAT3 activity in melanoma cells after 24 h treatment ([Fig. 3](#f3-ol-0-0-11934){ref-type="fig"}). Therefore, the present results suggested that triclosan may induce melanoma cell death and mitochondria dysfunction via AMPK activation and STAT3 activity inhibition.

### ROS generation is involved in triclosan-induced cell death and mitochondrial dysfunction in A375 cells

ROS levels increase in tumor cells during proliferation and cell death ([@b27-ol-0-0-11934]--[@b29-ol-0-0-11934]). Triclosan elevated ROS production in A375 cells and the present study investigated whether triclosan-induced cell death resulted from a ROS increase. It was demonstrated that 20 µM triclosan increased ROS production in melanoma cells, which was inhibited by the antioxidant NAC ([Fig. 4A](#f4-ol-0-0-11934){ref-type="fig"}). Furthermore, triclosan-induced decrease in cell viability and increased LDH release was inhibited by co-treatment with NAC in A375 cells ([Fig. 4B](#f4-ol-0-0-11934){ref-type="fig"}). The protective effects of NAC against triclosan-induced cell death were further demonstrated by the LIVE/DEAD cell viability assay ([Fig. 4C](#f4-ol-0-0-11934){ref-type="fig"}), as 40 µM triclosan induced significant cell death (showed by Eth-1), which was then reversed using 1 µM NAC. Moreover, 20 µM triclosan induced a marked mitochondrial fission, and NAC reversed triclosan-induced mitochondrial fission ([Fig. 4D](#f4-ol-0-0-11934){ref-type="fig"}).

Oxidative stress is a trigger for AMPK activity and a repressor for STAT3 activity ([@b30-ol-0-0-11934],[@b31-ol-0-0-11934]). It was reported that triclosan activated AMPK activity, inhibited STAT3 activity ([Fig. 3](#f3-ol-0-0-11934){ref-type="fig"}) and induced ROS levels ([Fig. 4A and D](#f4-ol-0-0-11934){ref-type="fig"}), thus indicating that triclosan-induced ROS generation may contribute to triclosan-induced AMPK activation and STAT3 activity inhibition. Moreover, these triclosan-induced effects were reversed by NAC in A375 cells ([Fig. 4E](#f4-ol-0-0-11934){ref-type="fig"}), thus suggesting that ROS are upstream molecules of the AMPK and STAT3 signaling pathways.

### STAT3 activity inhibition is involved in triclosan-induced cell death in melanoma cells

STAT3 serves an important role in tumor cell survival ([@b32-ol-0-0-11934],[@b33-ol-0-0-11934]) and Bcl-2 is a downstream signaling molecule of STAT3 ([@b34-ol-0-0-11934]). Triclosan-induced STAT3 inhibition ([Fig. 3](#f3-ol-0-0-11934){ref-type="fig"}) significantly inhibited Bcl-2 expression levels in A375 cells (P\<0.05; [Fig. 5A](#f5-ol-0-0-11934){ref-type="fig"}). Furthermore, co-treatment with NAC reversed triclosan-induced Bcl-2 downregulation. In addition, treatment with the STAT3 inhibitor S3I-201 increased triclosan-induced LDH release ([Fig. 5B](#f5-ol-0-0-11934){ref-type="fig"}). Moreover, the ROS scavenger Tempol ([@b35-ol-0-0-11934]) also partially reversed triclosan-induced increase of LDH release (0.5 and 1 mM; [Fig. 5B](#f5-ol-0-0-11934){ref-type="fig"}). Collectively, the present results suggested that triclosan led to cell death via the ROS/STAT3/Bcl-2 signaling pathway.

### AMPK activation is not involved in Triclosan-induced cell death, but does affect \[Ca^2+^\]~i~ transport in melanoma cells

To further investigate the effect of AMPK in triclosan-induced cell death, AMPK was knocked down in A375 cells using siRNA transfection. It was demonstrated that treatment with si-AMPK significantly decreased the protein expression levels of AMPK compared with the NC group (P\<0.01; [Fig. 6A](#f6-ol-0-0-11934){ref-type="fig"}). In addition, in the si-AMPK+Triclosan+NAC group, knockdown of AMPK decreased the protective effect of NAC on triclosan-induced LDH release compared with in the NC+Triclosan+NAC group in A375 cells ([Fig. 6C](#f6-ol-0-0-11934){ref-type="fig"}), while knockdown of AMPK did not significantly affect cell death and LDH release following triclosan treatment ([Fig. 6B and C](#f6-ol-0-0-11934){ref-type="fig"}). Therefore, the present results indicated that AMPK activation was not involved in triclosan-induced cell death and AMPK inhibition may contribute to cell damage. It has been previously reported that AMPK activity regulates mitochondrial function ([@b36-ol-0-0-11934],[@b37-ol-0-0-11934]). Therefore, the present study hypothesized that triclosan may affect mitochondrial function in A375 cells by activating AMPK. It was demonstrated that triclosan induced mitochondrial swelling, but this effect was attenuated in AMPK-knockdown in A375 cells ([Fig. 6D](#f6-ol-0-0-11934){ref-type="fig"}), indicating that AMPK could affect mitochondrial swelling. AMPK activation increases intracellular Ca^2+^ ([@b38-ol-0-0-11934]) and Ca^2+^-induced mitochondrial swelling and cytochrome C release in isolated mitochondria ([@b39-ol-0-0-11934]--[@b41-ol-0-0-11934]). The present results suggested that triclosan increased \[Ca^2+^\]~i~ ([Fig. 6E](#f6-ol-0-0-11934){ref-type="fig"}) and this effect was decreased with si-AMPK or NAC treatment. Thus, AMPK-knockdown may inhibit Ca^2+^ transport, which could decrease Ca^2+^ release to the mitochondria and limit mitochondrial swelling.

### Triclosan induces autophagy in A375 cells

Previous studies have revealed an association between AMPK and autophagy ([@b42-ol-0-0-11934],[@b43-ol-0-0-11934]) and that cell death is accompanied by autophagy ([@b44-ol-0-0-11934],[@b45-ol-0-0-11934]). As triclosan induced cell death and AMPK activation, the effects of triclosan on the levels of the marker protein of autophagy microtubule-associated protein 1A/1B-light chain 3 II (LC3-II) in A375 cells were examined. It was reported that triclosan increased LC3-II protein expression levels and this was reversed by NAC treatment ([Fig. 7A](#f7-ol-0-0-11934){ref-type="fig"}). Furthermore, the autophagy inhibitor 3-MA increased triclosan-induced LDH release compared with triclosan alone ([Fig. 7B](#f7-ol-0-0-11934){ref-type="fig"}), indicating that autophagy serves a protective role during triclosan-induced cell death. In order to identify the role of AMPK in triclosan-induced autophagy, the present study detected the expression levels of LC3 and p62 after AMPK-knockdown. It was found that the protein expression levels of AMPK were decreased after si-AMPK treatment, indicating that si-AMPK was successfully transfected into the A375 cells ([Fig. 7C](#f7-ol-0-0-11934){ref-type="fig"}). Moreover, triclosan did not increase the protein expression levels of LC3-II after si-AMPK treatment, and thus did not recruit p62 ([Fig. 7C](#f7-ol-0-0-11934){ref-type="fig"}). Collectively, the present results indicated that AMPK may be involved in triclosan-induced autophagy. While si-AMPK treatment increased p-STAT3 expression levels in A375 cells, si-AMPK treatment did not prevent triclosan-induced inhibition of STAT3 ([Fig. 7C](#f7-ol-0-0-11934){ref-type="fig"}) and cell death was observed ([Fig. 6C](#f6-ol-0-0-11934){ref-type="fig"}). Thus, the present results suggested that STAT3 serves a role in triclosan-induced cell death. The mechanism of triclosan-induced cell death and autophagy was summarized in [Fig. 8](#f8-ol-0-0-11934){ref-type="fig"}.

Discussion
==========

Triclosan, a widely used antibacterial and antifungal agent, is present in everyday household personal care and consumer products ([@b11-ol-0-0-11934],[@b12-ol-0-0-11934]). Moreover, previous studies have focused on its antibacterial effect ([@b14-ol-0-0-11934]--[@b16-ol-0-0-11934]). To the best of our knowledge, the present study is the first to identify that triclosan induces cell death and autophagy in A375 cells. Furthermore, the present results suggested the importance of triclosan in cancer cell death as a novel antitumor drug. The present study primarily used the human melanoma cell line A375 to investigate underlying mechanism of action of triclosan.

Triclosan is a mild mitochondrial uncoupler ([@b13-ol-0-0-11934]). A previous study has demonstrated that triclosan induces mitochondrial depolarization in a dose-dependent manner in HaCaT cells, induces no significant mitochondrial swelling at 10 µM and prevents mitochondrial swelling after subsequent CaCl~2~ treatment, which alone resulted in mitochondrial swelling ([@b41-ol-0-0-11934]). The present results indicated that triclosan induced significant mitochondrial swelling. Unlike the previous study that focused on healthy human skin cells ([@b41-ol-0-0-11934]), the present study used skin cancer cells. Hence, the present study hypothesized that triclosan may induce cell death by regulating mitochondrial function. Consistent with this hypothesis, it was demonstrated that triclosan decreased MMP and ATP content, induced reversible mitochondrial swelling and mitochondrial fission. Mitochondria is a major source of ROS ([@b46-ol-0-0-11934]) and the present study investigated whether triclosan affected the production of ROS. It was demonstrated that triclosan increased the production of intracellular and mito-ROS.

Mito-ROS are physiological activators of AMPK ([@b30-ol-0-0-11934]). As a known target for treating type 2 diabetes and metabolic syndrome, AMPK has been regarded as a novel target for cancer prevention and treatment ([@b47-ol-0-0-11934]). The major mechanism activating AMPK is increasing the AMP/ATP ratio ([@b48-ol-0-0-11934]). The present results revealed that triclosan increased the AMP/ATP ratio. Furthermore, a previous study has shown that AMPK serves an important role in regulating mitochondrial function ([@b30-ol-0-0-11934]). Similarly, mitochondrial damage leads to ROS production, activating AMPK, and AMPK affects mitochondrial function in return ([@b49-ol-0-0-11934]).

AMPK promotes autophagy ([@b43-ol-0-0-11934]), which is the primary protective process in cells and also serves a role in cell death ([@b50-ol-0-0-11934]). The effect of autophagy on the anticancer action of AMPK is complicated; inducing or preventing autophagy both contribute to cancer therapy ([@b51-ol-0-0-11934],[@b52-ol-0-0-11934]). As triclosan induces cell death, the present study investigated the effects of triclosan on autophagic responses. It was demonstrated that triclosan increased autophagic responses, but the autophagy inhibitor 3-MA increased triclosan-induced LDH release, thus indicating that autophagy serves a protective role during triclosan-induced cell death. Furthermore, triclosan inhibited autophagy after si-AMPK transfection, which indicated that AMPK may be involved in triclosan-induced autophagy. Some studies have showed that AMPK activation suppresses the STAT3 signaling pathway ([@b26-ol-0-0-11934],[@b53-ol-0-0-11934],[@b54-ol-0-0-11934]); however, genetic or pharmacological inhibition of STAT3 significantly increases the ADP/ATP ratio and activates AMPK signaling ([@b55-ol-0-0-11934],[@b56-ol-0-0-11934]). Therefore, there is a dual directional regulation mechanism between AMPK and STAT3. In the present study, while si-AMPK increased STAT3 expression levels, si-AMPK did not prevent the triclosan-induced decrease in STAT3 expression levels and cell death still occurred. Therefore, the present results suggested that STAT3 may serve an role in triclosan-induced cell death.

A limitation of the present study is that comparative tests of triclosan and other anticancer drugs were not performed. Therefore, future studies should investigate this. However, the present study measured the effects of triclosan on the viability of normal cultured skin HFF-1 cells, indicating that the cytotoxic effects of triclosan are cancer-specific, which may contribute to its clinical application. Moreover, triclosan treatment, an ingredient of antiseptic soaps, may be applied to the skin. Thus, the ability to treat melanoma via application of therapeutic agents to the skin may be of clinical benefit.
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![Triclosan induces cell death and decreases cell viability after 24 h treatment in A375 cells. (A) Chemical structure of triclosan. (B) Triclosan decreased viability of A375 cells after 24 h treatment in a dose-dependent manner, and 40 µM triclosan decreased the viability of A375 cells in a time-dependent manner. (C) Triclosan increased LDH release in A375 cells after 24 h treatment in a dose-dependent manner, and 40 µM triclosan increased LDH release in a time-dependent manner. (D) LIVE/DEAD cell viability assay results showed that triclosan induced A375 cell death after 24 h treatment in a dose-dependent manner. Scale bar, 50 µm. Statistical significance was determined using one-way ANOVA followed by Tukey\'s post hoc test. \*P\<0.05, \*\*P\<0.01 vs. 0 µM or 0 h. (E) Compared with HFF-1 cells, A375 cells were more sensitive to triclosan after 24 h. Statistical significance was determined using an unpaired Student\'s t-test. \*\*P\<0.01 vs. HFF-1 cell. LDH, lactate dehydrogenase; Tric, Triclosan.](ol-20-04-11934-g00){#f1-ol-0-0-11934}

![Triclosan induces mitochondrial morphology and function changes in A375 cells. (A) Triclosan dose-dependently decreased the MMP of A375 cells after 24 h treatment. Statistical significance was determined using one-way ANOVA followed by Tukey\'s post hoc test. Scale bar, 50 µm. (B) Analyzed data of ATP content indicated that 20 µM triclosan decreased ATP in A375 cells after 24 h. Statistical significance was determined using an unpaired Student\'s t-test. (C) Acute treatment of 20 µM triclosan increased the mito-ROS levels, caused mitochondrial swelling and mitochondrial fission. Scale bar, 10 µm. (D) Enlarged images of the box area showed mitochondrial swelling and mitochondrial fission after 24 h treatment. Scale bar, 10 µm. (E) Triclosan (20 µM) increased the intracellular ROS levels after 24 h treatment. Scale bar, 50 µm. \*\*P\<0.01 vs. 0 µM or control. mito-ROS, mitochondrial reactive oxygen species; MMP, mitochondrial membrane potential.](ol-20-04-11934-g01){#f2-ol-0-0-11934}

![Triclosan activates AMPK and inhibits STAT3 activity. (A) Western blotting results indicated that triclosan dose-dependently increased the protein expression levels of p-AMPK and decreased the protein expression levels of p-STAT3. (B) p-AMPK/AMPK ratio. (C) p-STAT3/STAT3 ratio. \*\*P\<0.01 vs. 0 µM. Statistical significance was determined using the randomized block ANOVA. p-, phosphorylated; AMPK, AMP-activated protein kinase; Tric, Triclosan.](ol-20-04-11934-g02){#f3-ol-0-0-11934}

![NAC attenuates triclosan-induced cell death and mitochondrial damage and changes in AMPK and STAT3 activity. (A) NAC inhibited triclosan-induced excessive ROS production in A375 cells. Scale bar, 50 µm. (B and C) NAC reversed triclosan-induced cell death in A375 cells. Scale bar, 100 µm. (D) NAC reversed triclosan-induced excessive ROS production and mitochondrial damage in A375 cells. Scale bar, 10 µm. All statistical significance was determined using one-way ANOVA followed by Tukey\'s post hoc test. (E) NAC reversed triclosan-induced AMPK upregulation and STAT3 downregulation. \*P\<0.05, \*\*P\<0.01. AMPK, AMP-activated protein kinase; NAC, acetylcysteine; ROS, reactive oxygen species.](ol-20-04-11934-g03){#f4-ol-0-0-11934}

![STAT3 activity inhibition promotes triclosan-induced cell death in A375 cells. (A) Triclosan (20 µM) inhibited the protein expression levels of Bcl-2, which was attenuated by 1 µM NAC. (B) Summary data showed that 20 µM triclosan induced excessive LDH release, which was increased by S3I-201 and attenuated by Tempol. \*P\<0.05, \*\*P\<0.01. NAC, acetylcysteine; LDH, lactate dehydrogenase; Tric, Triclosan.](ol-20-04-11934-g04){#f5-ol-0-0-11934}

![AMPK activation does not affect triclosan-induced cell death but induces mitochondrial dynamics by \[Ca^2+^\]~i~ transport in A375 cells. (A) si-AMPK inhibited the protein expression levels of AMPK in A375 cells. Statistical significance of two groups was determined using unpaired Student\'s t-test. (B) Knockdown of AMPK had no significant effect on cell death. Scale bar, 50 µm. (C) NAC decreased the triclosan-induced increase of LDH release, but this effect was attenuated by knockdown of AMPK. (D) Triclosan induced mitochondrial swelling, but this effect was attenuated in knockdown of AMPK in A375 cells. Scale bar, 10 µm. (E) Triclosan increased \[Ca^2+^\]~I~, but this effect was decreased with si-AMPK treatment or NAC treatment. Scale bar, 10 µm. \*P\<0.05, \*\*P\<0.01. NC, negative control; NAC, acetylcysteine; AMPK, AMP-activated protein kinase; si, small interfering RNA.](ol-20-04-11934-g05){#f6-ol-0-0-11934}

![Triclosan induces AMPK-dependent autophagy in A375 cells. (A) NAC treatment attenuated the triclosan-induced autophagy response. (B) Triclosan-induced LDH release was increased by treatment with the autophagy inhibitor 3-MA. (C) Western blotting results indicated that triclosan inhibited p62 and p-STAT3 protein expression levels, and increased LC3II and p-AMPK expression levels, which were reversed by NAC. AMPK-knockdown increased STAT3 in A375 cells, but LC3II was decreased after triclosan treatment. \*P\<0.05, \*\*P\<0.01. NC, negative control; NAC, acetylcysteine; AMPK, AMP-activated protein kinase; si, small interfering RNA; p-, phosphorylated; LC3II, microtubule-associated protein 1A/1B-light chain 3; LDH, lactate dehydrogenase.](ol-20-04-11934-g06){#f7-ol-0-0-11934}

![Mechanism of triclosan-induced cell death and autophagy. ROS, reactive oxygen species; AMPK, AMP-activated protein kinase; LC3, microtubule-associated protein 1A/1B-light chain 3.](ol-20-04-11934-g07){#f8-ol-0-0-11934}
